Abbreviations: A m, longitudinal mitral annulus velocities in late diastole; DT, deceleration time; E m , longitudinal mitral annulus velocities in early diastole; HTP, hypertensive pregnancy; NTP, normotensive pregnancy; LVIDd, LV diastolic dimension; LVIDs, LV systolic dimension; S m , longitudinal mitral annulus velocities in systole; LVMi, LVM indexed for body height with an exponential power of 2.7 (m 2.7 ); PWTd, posterior wall thickness diastolic dimension; RWT, relative wall thickness was calculated as (STd+PWTd)/ LVIDd; STd, septal thickness diastolic dimension. Results presented as mean and when applicable ( ± s.d.). Reference values apply to women and presented as range ( ± s.d.). 8,11 a Reference value used in clinical practice and in reference Nagueh et al. 9
One-hundred five women were examined with echocardiography and ambulatory blood pressure measurements 40 years post partum to evaluate the effect of former hypertensive pregnancies versus current blood pressure on cardiac structure and function. Hypertensive pregnancies did not have an adverse effect on the heart, but current minor elevation in blood pressure had a negative impact on the myocardium. The increased prevalence of hypertension following hypertensive pregnancies may be a crucial factor regarding the increased risk for cardiovascular disease shown in affected women.
Women experiencing hypertensive pregnancies have an increased risk for cardiovascular disease later in life, 1 mechanisms are complex and not completely understood. A possible risk factor may be the hypertensive pregnancy (HTP) period per se, which could lead to alterations in the cardiovascular system predisposing for cardiovascular morbidity. Pathological myocardial alterations in HTPs, such as changes in left ventricular diastolic filling pattern, 2 are similar to early changes found in hypertensive non-pregnant individuals. Whether these changes persist many years post partum is not known, thus it is not possible to draw conclusions if the HTP in itself results in deteriorated cardiac function. Follow-up studies after HTPs have usually been performed within months to a few years post partum and studies with echocardiographic examinations many years after HTPs are, to the best of our knowledge, few.
As more women with HTPs develop hypertension later in life compared with women with normotensive pregnancies (NTPs), 3 progress to hypertension might be another pathway between HTPs and subsequent cardiovascular disease.
Ambulatory blood pressure is a better predictor of cardiovascular morbidity and mortality compared with conventional office blood pressure measurements 4 but there is no precise threshold where the negative influence of blood pressure on target organs and the vasculature begins. After a HTP blood pressure levels are often higher when measured with ambulatory readings compared with women with NTPs, 5 but whether this increase persists post partum is not well investigated.
We hypothesized that current ambulatory blood pressure, regardless of hypertension diagnosis, is a stronger determinant of left ventricular structure and function than blood pressure status during previous pregnancies.
The present study is a continuation of our recently published research 6 and was performed in 105 postmenopausal women who gave birth between the years 1969 and 1973 at the Sahlgrenska University Hospital/Östra. All women participated by medical records in a follow-up study 7-12 years post partum to evaluate the prevalence of hypertension following pregnancy. 7 During pregnancy, 50 women had gestational hypertension or preeclampsia (definitions in accordance with the Committee on Terminology of the American College of Obstetricians and Gynecologists). These women are categorized as HTPs in the present study. Fifty-five women underwent NTPs, here categorized as the NTP group. Individual blood pressure values, body mass index or laboratory values cannot be identified from the original database; however, women with pre-pregnancy or gestational diabetes were not included in the study. Women in the HTP group were heavier throughout the pregnancy compared with the NTP group.
When examined about 40 years post partum, women with HTP were more frequently diagnosed with hypertension compared with the NTP group but actual office blood pressure levels did not differ. 6 This finding is interpreted as an effect of well-treated hypertension. Mean age when examined was 63 years (range 50-77 years) and mean duration of hypertension and length of treatment with antihypertensive agents was 5.4 years (range: 2-39 years).
In the present study, all participants were examined with echocardiography and ambulatory blood pressure measurements to evaluate the possible influence on the myocardium from previous and current blood pressure. Antihypertensive agents were not withdrawn and blood pressure statuses were blinded to the investigator. Results from echocardiographic examinations, carried out according to guidelines, 8, 9 are shown in Table 1 . Neither anthropometric measures nor smoking status differed between the groups according to pregnancy blood pressure status. Mean values for ambulatory systolic blood pressure and diastolic blood pressure were calculated for both awake and sleeping periods. Median systolic blood pressure (day and night) was 124 mm Hg for the whole study group. Differences between the groups regarding echocardiographic data were analyzed with independent t-test and with χ 2 test regarding ambulatory blood pressure.
The examinations did not show any differences in structural or functional echocardiographic variables according to blood pressure status during pregnancy (Table 1) . Neither did ambulatory blood pressure differ between the NTP and HTP groups.
Regardless of blood pressure status during previous pregnancy, 54 women had median ambulatory blood systolic pressure levels 4124 mm Hg. In all, 28 of the 54 women had a current diagnosis of hypertension and 27 had previous HTPs. These women had both affected structural and functional echocardiographic parameters when compared with the 51 women with mean systolic ambulatory pressure ⩽ 124 mm Hg, yet within normal range; relative wall thickness 43% vs 40% (P = 0.043); left ventricular mass (indexed for body height with an exponential power of 2.7) 37.4 vs 30.9 g per m 2.7 (P o 0.01); septal thickness 9.9 vs 9.1 mm (P = 0.005); posterior wall thickness (diastolic dimension) 8.9 vs 8.2 mm (P o0.001); left ventricular systolic dimension 29.9 vs 28.0 (P = 0.011); longitudinal mitral velocities in early diastole (E m ) in septum (6.9 vs 8.0 cm s − 1 , P o0.001). E/E m -septal ratio was 11.5 vs 9.3, Po 0.001).
In the present study, we could not identify any significant impact of previous HTP on cardiac structure and function 40 years post partum. Higher levels of systolic ambulatory blood pressures were related to early cardiac changes, even though blood pressure levels were within the range categorized as 'normal' according to current guidelines. The results implicate that development of a persistent hypertensive state, that is, hypertension, after a HTP is a crucial step for worsening cardiac function and possibly toward cardiovascular morbidity. If high blood pressure can be avoided after a HTP, the risk for future cardiovascular disease might be diminished.
Our study shows an association between systolic ambulatory blood pressure level and alterations in the heart, which are known to precede more adverse conditions such as diastolic dysfunction and heart failure. Despite good health among the study subjects and very few affected with other manifest cardiovascular disease apart from hypertension (n = 3 of 105 women), we nevertheless found higher indexed left ventricular mass, slower longitudinal septal relaxation and lower E m -septal in patients with higher ambulatory blood pressure levels.
Even within the range of presumed normality, similar differences in functional parameters have prognostic implications. E m measured as a mean of inferior-, anterior-, septal-and lateral wall velocities and E/E m mean, have been shown to predict fatal and nonfatal cardiovascular events in a general population, even after correction for clinical risk factors. 10 This finding underlines the importance of rigorous blood pressure control-also in women with a presumed low cardiovascular risk.
The size of the study sample, 105 women, may be considered as a limitation. However, to our knowledge, this is one of the longest clinical follow-up studies after HTPs where echocardiographic examinations 40 years post partum have been performed. Hence, our results contribute with knowledge regarding long-term cardiovascular consequences of HTPs.
What is known about the topic?
• Hypertensive pregnancies increase the risk for future cardiovascular morbidity in affected women; the mechanisms not fully known. • Alterations in the myocardium are seen during and in the postpartum period of hypertensive pregnancies. • Ambulatory blood pressure is elevated during hypertensive pregnancies, sometimes persisting years after gestation.
What this study adds?
• The very long follow-up time after hypertensive pregnancies contributes with knowledge regarding cardiovascular consequences after hypertensive pregnancies. • Hypertensive pregnancies per se do not, in this study, affect the myocardium or the ambulatory blood pressure in a negative way. • Minor elevation in ambulatory blood pressure has negative impact on cardiac structure and function, known to be associated with increased cardiovascular risk.
